Abstract. We address the problem of detecting a stochastic background originated by an anisotropic population of sources, like the galactic binaries, by exploiting the amplitude modulation of the signal as the antenna changes its orientation with respect to fixed stars. This modulation, if observed, could help in discriminating the background generated by galactic binaries from the isotropic gravitational wave background generated in the early Universe.
Galactic binaries background
Future space interferometers, like LISA (Danzmann et al 1993) and OMEGA (Hellings et al 1995) , are likely to detect periodic gravitational waves (GW) in the frequency range 0.1-100 mHz, coming from a large population of galactic binaries. At frequencies below ∼3 mHz, however, these sinusoidal signals cannot be individually resolved and consequently they form a stochastic gravitational wave background which, to some extent, constitutes an effective confusion limit. In fact, detecting a stochastic background with a single detector requires a great confidence in the characterization of the instrumental noise, since no crosscorrelation between detectors can be performed.
An estimate of the spectral properties of the background generated by galactic white dwarf binaries can be found in Evans et al (1987) . Hils et al (1990) , and, more recently, Bender and Hils (1997) have extended this analysis to various populations of galactic binaries, including W UMa binaries and neutron star binaries. Here we consider the actual response of LISA to such a background and propose a method of detection based on the time modulation of the overall spectral level, due to the motion of the antenna around the Sun. A more detailed account of this idea is presented in Giampieri and Polnarev (1997) .
In short, given a birth rate ν(f ), a spatial distribution (normalized to unity) ρ( r), and assuming radiation reaction as the dominant mechanism for the evolution of individual systems, it is possible to show that below a threshold frequency f c given by (τ is the observation time and M is the chirp mass)
the waves from galactic binaries superimpose to form a confusion limit of spectral amplitude
Note that the spectral slope ∼ − 7 3
(neglecting the frequency dependence of ν(f )), is related to the fact that GW emission is assumed to be the only evolutionary mechanism. The spatial distribution determines the overall spectral level, a steeper distribution giving a higher signal (since ρ( r) is weighted with 1/r 2 ). The estimate (2) should be reduced by a factor of 3 20 , due to the sub-optimal LISA aperture angle (60 • ) and taking into account the averaged antenna pattern for interferometers.
The actual signal
We will now extend the previous analysis, taking into account the real response of the interferometer, which for the ith source reads
where h + and h × are the two polarization amplitudes. The beam pattern factors F + and F × introduce a low-frequency amplitude modulation in the response. When dealing with the spectral amplitude (2), the quantity of interest is the polarization-averaged antenna pattern
where ω T = 2π/T is the orbital frequency. The coefficients a k and b k depend on the angular coordinates (θ, φ) of the source and are given in Giampieri (1997) . In particular, for LISA, N = 8 and T = 1 yr. Since expression (4) has been obtained in an inertial frame (the ecliptic frame in our case), it provides the opportunity for calculating the GW background for any population of sources, without the need to consider the apparent motion of the sources in the detector's proper frame.
In particular, we want to describe the time evolution of the GW background originated by an anisotropic distribution. Our final aim is to exploit this effect to obtain a convincing signature about the gravitational origin of the stochastic signal.
Let us assume that LISA will provide continuous data for a period of 2-3 years. We will be able to measure the power spectral density from batches of data of duration 10 5 s τ T , over which the antenna orientation hardly changes. According to equation (5) below, the antenna motion makes the spectral density of the binaries confusion limit go 'up and down', whereas its slope remains constant. This modulation is periodic, with periodicities T , T /2, . . . , T /8. More precisely, the amplitude of this modulation is related to the amount of anisotropy in the spatial distribution by
Equation (5) (see the discussion after equation (2)).
A few examples
As we can see from equation (5), the antenna pattern P (θ, φ, t) , when integrated over the spatial distribution of the sources, gives the time dependence of the spectral density S h . We thus need to focus our attention on the time-dependent factor in the local variance:
where
and with an analogous term for B k . Measuring these Fourier coefficients would give valuable information about the integrated spatial distribution.
We will now consider a few cases where these integrals can be easily evaluated, in order to estimate the magnitude of the effect. Details of these calculations can be found in Giampieri and Polnarev (1997) .
Spherical distribution.
It is easy to show that the average of P (θ, φ, t) over the solid angle is constant (this is just the total antenna power), so that the spectral density S h (f ) is also constant if ρ = ρ(r). Not surprisingly, the signal from an isotropic background is not affected by the antenna motion and the isotropic component of the GW background can only be detected with a cross-correlation with another detector or assuming a great confidence in our knowledge of the instrumental noise.
Axisymmetric distribution. Despite the fact that we do not expect the galactic binaries (or any other population of sources) to be distributed with axial symmetry with respect to the ecliptic plane, it is interesting to consider the contribution from an axisymmetric source distribution. It is possible to show that, if ρ = ρ(r, θ), then apart from the zero-frequency term the only sinusoidal terms correspond to the frequency 4ω T . This is ultimately due to the quadrupolar nature of the waves.
Point-source distribution. If the binary systems are concentrated in a small region of space, like in the galactic centre or, more generally, in a globular cluster, then the resulting signal will be modulated according to (6), where the coefficients A k and B k will depend on the sky coordinate of the cluster. For an average direction in the sky, the spectral power decreases with increasing frequency, so that, in general, we may expect to be able to detect only the first few harmonics of the annual frequency.
Spherical galactic halo.
We have also analysed the contribution from the halo, assumed to be spherically symmetric with respect to the galactic centre. Since we are located at a distance r 0 8 kpc from the centre, this distribution appears anisotropic to us. The amount of anisotropy in the distribution is quantified by the ratio λ ≡ r 0 /R 0 1, where R 0 is the length scale of the halo. For symmetry reasons, the periodic terms will be of order O(λ 2 ) or smaller. Moreover, it is possible to show that, irrespective of the actual form of the distribution ρ(R), to order λ 2 no term of frequency greater than 2ω T survives.
Galactic disc. Finally, we have considered the binaries in the galactic disc. The number of these objects, and their highly anisotropic distribution, makes the disc a potentially dominant source of modulation in the GW background. Adopting a simple Gaussian distribution we estimated that up to ∼10% of the power coming from the disc is distributed among the harmonics of the sidereal year.
Conclusions
A simple detection strategy would consist in calculating the standard deviation from the data, integrating over a short time interval (e.g. 1 week). After 2-3 years of continuous observations, upon collecting a large enough set of data points (the standard deviations), we might be able to detect the aforementioned periodicities with a simple Fourier transform. The zero-frequency component, of course, will dominate, being related to the isotropic component of the GW background. However, we may expect small peaks at the relevant frequencies (1/T , . . . , 8/T ), whose magnitudes will provide information about the actual distribution of the sources in the sky-the more anisotropic the distribution, the stronger these peaks will be. Additional information should come from the observed distribution of the resolved systems, i.e. those sources whose frequency is above the limit f c (3 yr) 3 mHz. Once a reasonable estimate of the anisotropic distribution ρ( r) has been obtained, we can remove its contribution (especially the stationary component, the largest) from the stochastic signal. What will be left includes the instrumental noise and the isotropic GW background of extragalactic or cosmological origin.
In this work we have summarized the analytical aspects of the problem, consisting in calculating the frequencies and the amplitudes of the periodic modulations of the overall spectral level, given a spatial distribution of sources. In order to determine the observability of this effect, however, we must still address the problem of the detector's noise. In particular, one should be very careful when considering the non-stationary character of the noise, especially the thermal noise, since this could mimic the astronomical effect described here.
